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[57] ABSTRACT 

A hydraulic apparatus for a continuously variable trans- 
mission, through which the RPM ratios of a driving 
pulley to a driven pulley is consecutively varied. Such 
RPM ratios are varied by electrically controlling the 
volume of hydraulic fluid supplied to or drained from a 
cylinder of a driving pulley. 

14 Claims, 3 Drawing Figures 
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HYDRAULIC APPARATUS FOR A 
CONTINUOUSLY VARIABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 5 

The present invention relates to a hydraulic apparatus 
for a continuously variable transmission for motor vehi- 
cles, and more particularly to a hydraulic apparatus 
which constantly varies speed ratios. 

A continuously variable transmission, having a V-belt 
extending between driving and driven pulleys, permits 
control of the number of the revolutions of the driven 
pulley by varying the size of the V-shaped opening in 
either the driving pulley, the driven pulley or simulta- 
neously varying both of the pulleys. The size of the 
V-shaped opening is varied by changing the amount of 
pressure being fed into a hydraulic cylinder of either of 
the pulleys. Hence, the effective diameter of the pulley 
can be varied by changing the amount of pressure being 
fed into the hydraulic cylinder, thereby allowing for a 
continuously varying ratio of driving pulley diameter to 
driven pulley diameter. The V-shaped openings on the 
driving and driven pulleys are each defined by an area 
between a fixed pulley and a movable pulley, which is 25 
dependent upon the pressure inputted to the hydraulic 
cylinders. In order to provide hydraulic pressure to 
each of the movable pulleys, a hydraulic apparatus is 
provided. 

A prior hydraulic apparatus for a continously vari- jq 
able transmission was mechanically controlled as 
shown, for example U.S. Pat No. 4,094,203. Hence, 
severe limitations were realized in the amount of poten- 
tial change in the width of the pulleys and the rate at 
which the width changed when compared to an elec- 35 
tronic control of the CVT. 

SUMMARY OF THE INVENTION 

The present, invention was made in view of the fore- 
going background and to overcome the foregoing 40 
drawbacks. It is accordingly an object of this invention 
to provide a hydraulic apparatus for controlling a CVT 
which continuously varies the ratio of driving pulley 
diameter to driven pulley diameter. 

To attain the above object, a hydraulic apparatus for 45 
a continuously variable transmission used in motorized 
vehicles, comprises a regulator valve, a first electric 
control means, a hydraulic fluid supply means, a hy- 
draulic fluid flow control means and a second electric 
control means. The regulator valve controls the pres- 50 
sure of the hydraulic fluid fed by the hydraulic fluid 
supply means, thereby generating a line pressure. Fur- 
ther, the regulator valve constantly supplies the line 
pressure to a hydraulic cylinder of the driven puHey. 
The first electric control means is connected with the 55 
regulator valve, thereby varying the amount of a line 
pressure. The hydraulic fluid flow control means con- 
trols the volume of hydraulic fluid supplied to or 
drained from the hydraulic cylinder of the driving pul- 
ley. Lastly, the second electric control means is con- 60 
nected with the hydraulic fluid supplied to or drained 
from the hydraulic cylinder of the driving pulley. 

Thus, the hydraulic cylinder of the driven pulley is 
constantly supplied with a line pressure, and the amount 
of hydraulic fluid in the hydraulic cylinder of the driv- 65 
ing pulley is varied by the hydraulic flow control 
means, by the volume of the hydraulic fluid supplied to 
or drained from the cylinder. In accordance with this 
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variation, the diameter ratio between the driving pulley 
and the driven pulley is continuously varied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object, features and advantages of the 
present invention will become more apparent from the 
following description of the preferred embodiments 
taken in conjunction with the accompanying drawings, 
wherein: 

FIG. 1 is a hydraulic circuit diagram of the present 
invention: 

FIG. 2 is an enlarged and detailed view of an embodi- 
ment of the present invention; and 

FIG. 3 is a graph showing the relationship between 
the line pressure and an electric current supplied to a 
solenoid in a regulator valve. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is described in detail with ref- 
erence to the accompanying drawings which illustrate 
different embodiments of the present invention. 

FIG. 1 illustrates a hydraulic circuit diagram of the 
present invention. A continuously variable transmission 
is represented by the numeral 1, and the same is 
mounted on a motor vehicle and connected with an 
engine (not shown in the drawings) at one of its ends 
and with shafts connected to driving wheels at its other 
end. 

The CVT continuously varies the RPM ratio be- 
tween the input shaft, connected to the engine, and the 
output shaft, connected to the driving wheels. The 
continuously variable transmission 1 includes the pul- 
leys 2 and 3. The pulley 3 is a driving pulley mounted on 
a driving and input shaft 5, and is driven by the engine. 
The pulley 3 is a driven pulley mounted on a driven and 
output shaft 6. The torque of the shaft 6 is transmitted to 
the wheels. A torque transmitting V-belt 4 extends be- 
tween the pulleys 2 and 3. The driving pulley 2 has a 
non-movable member 2a, which is fixed to and rotatable 
with the input shaft 5, and a movable member 2b, which 
is axiaily movable on and rotatable with the input shaft 

5. The movable member 2b is axiaily displaced by the 
pressure exerted upon it by a hydraulic cylinder 2c 
When the movable member 2b is axiaily displaced in a 
direction toward the non-movable member 2a, the 
width between the members 2a and 2b is decreased. 
This results in an increase in the effective diameter of 
the driving pulley 2. Hence, the RPM ratio increases 
(RPM of the driven pulley/RPM of the driving pulley). 

Similarly, the driven pulley 3 has a non-movable 
member 3a. which is fixed to and rotatable with the 
driven shaft 6, and a movable member 3b, which is 
axiaily displaced on and rotatable with the driven shaft 

6. The movable member 3b is axiaily displaced by the 
pressure exerted upon it by a hydraulic cylinder 3c 
When the movable member 3b is axiaily displaced in a 
direction toward the non-movable member 3a. the, 
width between the members 3a and 3b is decreased, 
thereby increasing the effective diameter of the pulley 
3. 

To minimize the amount of power consumed by a 
hydraulic fluid pump, the hydraulic pressure in the 
cylinder 3c is controlled to be as small as possible while 
maintaining a torque necessary to keep the V-belt 4 
from slipping while rotating around the driving pulley 2 
and the driven pulley 3. The hydraulic pressure of the 
cylinder 2c is varied to adjust the RPM ratio. The 
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amount of pressure in the hydraulic cylinder 2c is de- 
signed to be smaller than that of the pressure in the 
hydraulic cylinder 3c However, even though the value 
of the hydraulic pressure supplied to the hydraulic cyl- 
inder 2c is less than the value of the hydraulic pressure 5 
supplied to the hydraulic cylinder 3c, the system is 
designed so that a greater overall hydraulic pressure is 
realized in the hydraulic cylinder 2c than in the hydrau- 
lic cylinder 3c because of the presence of double pistons 
in the cylinder 2c. Hence, it is possible to obtain a RPM 10 
ratio between the driven pulley and driving pulley of 
more than or equal to one. 

The CVT is supplied with hydraulic fluid in the fol- 
lowing manner. A hydraulic fluid pump 10, driven by a 
motor 11, pumps hydraulic fluid from a reservoir 12, 
through a filter 13 and a check valve 14, into a passage 
15. The check valve 14 only allows hydraulic fluid to 
flow in a single direction, from the filter 13 and into the 
passage 15. A regulator valve 16 controls the pressure 
supplied to a passage 15, thereby generating a specific 
line pressure in the passage 15, The line pressure in the 
passage 15 is supplied to a cylinder 3c of the driven 
pulley 3 and to a flow control valve 19. The flow con- 
trol valve 19 is a three port connection valve, and in- 
eludes an inlet port 20 communicated through the regu- 
lator valve 16 with the passage 15. a drain port 22 com- 
municated with a drain passage 21 and an outlet port 23 
communicated with the cylinder 2c of the driving pul- 
ley. When the flow control valve 19 is in a first position 
24A, as shown in FIG. 1, the inlet port 20 is communi- 
cated with the outlet port 23. When the flow control 
valve 19 is in a second position, shown by 24B, there is 
no communication between the three ports 20, 22 and 
23, Finally, when the flow control valve 19 is in a third 35 
position 24C, the outlet port 23 communicates with the 
drain port 22. A check valve 26 is provided on the drain 
passage 21. The valve 26 only allows hydraulic fluid to 
flow in a single direction, from the flow control valve 
19, to the hydraulic fluid reservoir 12. 4Q 

FIG. 2 shows a detailed construction of the regulator 
valve 16 and the flow control valve 19. In this embodi- 
ment, both valves 16 and 19 are provided in the same 
valve body 28. The regulator valve 16 has a valve spool 
32, a puppet shaped valve member 36 and a relief valve 45 
44. TTie valve spool 32 slides in a bore 30, thereby open- 
ing or closing a port 31, defined between the passage 15 
and the drain passage 21. The valve spool 32 has a radi- 
ally extended portion 45 and a head portion 32^. The 
head portion 32a has a small hole 42 therein. A chamber 50 
46 is provided and defined between the radially extend- 
ing outer wail portion 45 of the spool 32 and an inner 
wall of the valve body. A compression coil spring 43 is 
located between the head portion 32fl of the valve spool 
32 and the inner wall of the valve body. The spring 43 55 
biases the valve spool 32 in a direction which tends to 
close the port 31. The puppet shaped valve member 36 
controls the flow of hydraulic fluid at a port 39, which 
connects a passage 34 with a hydraulic fluid chamber 
35. A plunger 38 is fixed to the member 36, and slides in 60 
a bore 38fl. A compression coil spring 40 is provided 
between the plunger 38 and the inner wall of the valve 
body. The spring 40 biases the valve member 36 in a 
manner which closes the port 39. A first linear solenoid 
37 is positioned around the plunger 38 in the valve body 65 
28 and functionally pulls the plunger 38 against the 
biasing force of the spring 40, whenever the solenoid 37 
is actuated. 



An orifice 33 is provided in the passage 34, which 
communicates with the passage 15. A relief valve 44 is 
also provided in the passage 34 and has a check ball 44a 
and a spring 44^ which biases the ball 44a in a direction 
which tends to close a port 44c When the pressure in 
the chamber 46 exceeds a predetermined value, the ball 
44a is displaced against the force of the spring 44^. In 
this condition, the hydraulic fluid in the passage 34 
returns through the port 44c to the passage 21. 

The flow control valve 19 is provided in a position 
between the regulator valve 16 and the cylinder 2c of 
the driving pulley. The flow control valve 19 has a 
valve spool 48, plungers 49 and 50, a second solenoid 55 
and a third solenoid 56. The valve spool 48 controls the 
communication between the ports 20, 22 and 23. Plung- 
ers 49 and 50 are fixed to each end of the spool 48. 
respectively. A compression spring 51 biases the 
plunger 49 in a direction which tends to open the drain 
port 22. Another compression spring 52 is provided in a 
position opposite to that of the spring 51 and biases the 
plunger 50 in a direction which tends to close the drain 
port 22. Further, the second solenoid 55 is provided 
around the plunger 49 in the valve body 28. When the 
second solenoid 55 is actuated, the solenoid 55 pulls the 
plunger 49 by electromagnetic force against the biasing 
force of the spring 51. Tlie third solenoid 56 is provided 
around the plunger 50 in the valve body 28. When the 
solenoid 56 is actuated, the solenoid 56 pulls the plunger 
50 by electromagnetic force against the biasing force of 
the spring 52. 

Once the engine is started and the system is placed in 
operation, the hydraulic fluid pump 10, driven by the 
motor 11, pumps the fluid in the reservoir 12 through 
the filter 13 and the check valve 14 and into the passage 

15. The passage 15 is communicated with the hydraulic 
cylinder 3c of the driven pulley and the regulator valve 

16. When the electric current inputted to the first sole- 
noid 37 increases, the solenoid 37 pulls the plunger 38 
against the force of the spring 40. Consequently, the 
pointed end of the valve member 36 lifts up, and the 
opening area of the port 39 increases. Because the 
chamber 35 is communicated through the small hole 42 
with the drain passage 21. the volume of hydraulic fluid 
drained increases when the opening area of the port 39 
increases. In this condition, the hydraulic pressure in 
the chamber 46 decreases. When the force biasing the 
valve spool 32 toward the closing of the port 31 be- 
comes less than the force biasing the valve spool 32 in 
the opposite direction, the valve spool 32 is displaced 
away from the p>ort 31. thereby opening it up. Hence, 
the line pressure of the passage 15 decreases. 

FIG. 3 illustrates the relationship between the line 
pressure and the electric current fed into the first sole- 
noid 37. If the electric current fed into the first solenoid 

37 approaches zero, as in the case of electrical discon- 
nection of the solenoid, the spring 40 biases the plunger 

38 so that it moves in a direction which tends to close 
the port 39. In this circumstance, the pressure of the 
hydraulic fluid in the chamber 46 has the largest value, 
thereby resulting in the line pressure in the passage 15 to 
be the largest value. The line pressure controlled by the 
valve 16 is supplied to the cylinder 3c of the driven 
pulley. 

When an electric current actuates the second and 
third solenoids 55 and 56. the valve spool 48 of the flow 
control valve 19 a.ssumes a neutral position equivalent 
to the position shown in FIG. 2 (i.e., the second position 
24B in FIG. 1). In this condition, there is no flow com- 
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munication between the ports 20, 22 and 23. When only 
the second solenoid 55 is actuated by an electric cur- 
rent, the solenoid 55 electromagnetically pulls the 
plunger 49 against the biasing force of the spring 51. 
Hence, the opening defined between the inlet port 20 
and the outlet port 23 also increases in accordance with 
the increase of the actuating current. Consequently, the 
volume of the hydraulic fluid supplied to the cylinder 2c 
of the driving pulley increases. The increase in supply 
of hydraulic fluid to the cylinder 2c results in an in- 
crease in the RPM ratio. Contrary to this, when the 
third solenoid 56 is actuated by an electric current, the 
solenoid 56 electromagnetically pulls the plunger 50 
against the biasing force of the spring 52. In this condi- 
tion, the opening defined between the drain port 22 and 15 
the outlet port 23 increases, resulting in the increase in 
the amount of fluid drained from the cylinder 2c of the 
driving pulley. Consequently, the RPM ratio decreases. 

Thus, the RPM ratios are controlled by varying the 
amount of hydraulic fluid suppled to or drained from 20 
the hydraulic cylinder of the driving pulley. 

While the present invention has been described in its 
preferred embodiments, it is to be understood that the 
invention is not limited thereto, and may be otherwise 
embodied within the scope of the following claims. 

What is claimed is: 

1. A hydraulic apparatus for a continuously variable 
transmission for motor vehicles having a driving pulley 
with a first fixed memeber and a first movable member, 
the movable member being actuated by a first hydraulic 
cyhnder to form a V-shaped opening between the fixed 
and movable first members, a driven pulley with a sec- 
ond fixed member and a second movable member, said 
second movable member being similarly actuated by a 
second hydraulic cylinder to form a similar V-shaped 
opening between said second fixed member and said 
second movable member, and a belt member spanning 
said pulleys, said hydraulic apparatus comprising: 
a hydraulic fluid reservoir containing hydraulic fluid; 
a hydraulic fluid pump for pumping the hydraulic 40 

fluid from the reservoir; 
a first oil passage having a first pressure and connect- 
ing said pump to said second hydraulic cylinder; 
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pressure and being biased in an opposite direction 

by the second pressure; 
a first electric control means connected with the 

regulator valve means, for varying the value of the 

first pressure; 
hydraulic fluid flow control means for controlling the 

volume of hydraulic fluid supplied to or drained 

from the hydraulic cylinder of the driving pulley; 

and 

a second electric control means connected with the 
hydraulic fluid control means, for varying the vol- 
ume of hydraulic fluid supplied to or drained from 
the hydraulic cylinder of the driving pulley. 

2. The hydraulic apparatus of claim 1, wherein the 
regulator valve means and the hydraulic fluid flow 
control means are provided in a single valve body. 

3. The hydraulic apparatus of claim 2, wherein the 
first electric control means comprises a first solenoid 
valve for Controlling the volume of the hydraulic fluid 
drained from the hydraulic fluid of the driven pulley. 

4. The hydraulic apparatus of claim 2, wherein the 
second electric control means comprises a second and 
third solenoid valves for varying the volume of hydrau- 
lic fluid supplied to or drained from the hydraulic cylin- 
der of the driving pulley. 

5. The hydraulic apparatus of claim 1, wherein: 

the second member has more than one land, one of 
the lands being subjected to the first pressure of the 
first oil passage which tends to increase the volume 
of the hydraulic fluid drained and at least a second 
land subjected to the second pressure of the second 
oil chamber which tends to decrease the volume of 
the hydraulic fluid drained; and 

biasing means for biasing the second valve member in 
a direction which tends to decrease the volume of 
the hydraulic fluid drained and increase the value 
of the first pressured 

6. The hydraulic apparatus of claim 5, wherein the 
first electric control means is a solenoid valve that elec- 
tromagnetically pulls the first valve member in a direc- 
tion that tends to decrease the second pressure of the 
second oil chamber. 

7. The hydraulic apparatus of claim 1, wherein the 
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a second oil passage communicating with said reser- 
voir and having a port communicating with said 45 second el^^ric"control me^ comprises: 
first oil passage; • 
a regulator valve means located between said first 
and second passages for controlling the pressure of 
the hydraulic fluid pumped by the hydraulic fluid 
pump to the second hydraulic cylinder for generat- 
ing the first pressure which is constantly supplied 
to the second hydraulic cylinder of the driven pul- 
ley; 

said regulator valve means including a first oil cham- 
ber having an inlet communicating with a second 
oil chamber within said regulator valve means and 
an outlet communicating with said second oil pas- 
sage, said second oil chamber communicating with 
said first oil passage through an orifice, a first valve 
member located at the inlet of the first oil chamber 60 
for controlling a second pressure of hydraulic fluid 
in said second oil chamber, and a second valve 
member located at the port of the second oil pas- 
sage for controlling a first pressure of hydraulic 
fluid in said first oil passage, the outlet of the first 65 
oil chamber being defined within the second valve 
member, said second valve member being biased to 
open the port of the second oil passage by the first 



a second solenoid valve for electromagnetically mov- 
ing a valve member against the force of a first 
biasing means when a second solenoid is actuated; 
and 

a third solenoid valve for moving the valve member 
against the force of a second biasing means when a 
third solenoid is acutated. 
8. A hydraulic apparatus for a continuously variable 
transmission for motor vehicles having a driving pulley 
with a first fixed member and a first movable member, 
the movable member being actuated by a first hydraulic 
cylinder to form a V-shaped opening between the fixed 
and movable members, a driven pulley with a second 
fixed member and a second movable member, said sec- 
ond movable member being similarly actuated by a 
second hydraulic cylinder to form a V-shaped opening 
between said second fixed member and said second 
movable member, and a belt member spanning said 
pulleys, said hydraulic apparatus comprising: 
a hydraulic fluid reservoid containing hydraulic fluid; 
a hydraulic fluid pump for pumping the hydraulic 
fluid from the reservoir, 
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a first oil passage having a first pressure and connect- 
ing said hydraulic fluid pump to the second hy- 
draulic cylinder, 

a second oil passage communicating with said hy- 
draulic fluid reservoir and having a port communi- 5 
eating with said first oil passage; 

a regulator valve means located between the first and 
second passages for controlHng the pressure of the 
hydraulic fluid pumped by the hydraulic pump to 
the second hydraulic cylinder, said regulator valve 
means having a third oil passage, a first oil cham- 
ber, a second oil chamber, a first valve member and 
a second valve member; 

the third oil passage having an orifice opened in said 
first oil passage; 

the first oil chamber having an inlet opened in the 
third oil passage and an outlet communicating with 
said second oil passage, the first oil chamber being 
defined between inner walls of the second valve 
member; 

the second oil chamber communicating with the third 
oil passage, the second oil chamber being defined 
between a first inner wall of said regulator valve 
and a first outer wall of the second valve member; 25 

the first valve member being disposed on an inlet of 
the first oil chamber and controlling a second oil 
passage and the second oil chamber; 

the second valve member disposed on a port of the 
second oil passage and controlling a first pressure 30 
of the hydraulic fluid in said first oil passage, the 
outlet of the first oil chamber defined within the 
second valve member, the second valve member 
being biased in the direction which tends to open 
the port of the second oil passage by the first pres- 35 
sure of the hydraulic fluid in said first oil passage, 
and biased in the opposite direction by the second 
pressure of the hydraulic fluid in the second oil 
chamber; 

a first electric control means connected with the 40 
regulator valve means* for varying the value of the 
first pressure; 

hydraulic fluid flow control means for controlling the 
volume of hydraulic fluid supplied to or drained 
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from the hydraulic cylinder of the driving pulley; 
and 

a second electric control means connected with the 
hydraulic fluid flow control means, for varying the 
volume of hydraulic fluid supplied to or drained 
from the hydraulic cylinder of the driving pulley. 

9. The hydraulic apparatus of claim 8, wherein the 
regulator valve means and the hydraulic fluid flow 
control means are provided in a single valve body. 

10. The hydraulic apparatus of claim 9, wherein the 
first electric control means comprises a first solenoid 
valve for controlling the volume of the hydraulic fluid 
drained from the driven pulley. 

11. The hydraulic apparatus of claim 9, wherein the 
second electric control means comprises second and 
third solenoid valves for varying the volume of hydrau- 
lic fluid supplied to or drained from the hydraulic cylin- 
der of the driving pulley. 

12. The hydraulic apparatus of claim 8, wherein: 
the second valve member has more than one land, 

one of the lands being subjected to the first pres- 
sure of the first oil passage which tends to increase 
the volume of the hydraulic fluid drained and at 
least a second land subjected to the second pressure 
of the second oil chamber which tends to decrease 
the volume of the hydraulic fluid drained; 
and biasing means for biasing the second valve mem- 
ber in a direction which tends to decrease the vol- 
ume of the hydraulic fluid drained and increase the 
value of the first pressure. 

13. The hydraulic apparatus of claim 12, wherein the 
first solenoid valve electromagnet ically pulls the first 
valve member in a direction which tends to decrease the 
second pressure of the second oil chamber. 

14. The hydraulic apparatus of claim 8, wherein the 
second electric control means, comprises: 

a second solenoid valve for electromagnetically mov- 
ing a valve member against the force of a first 
biasing means when a second solenoid is actuated; 
and 

a third solenoid valve for moving the valve member 

against the force of a second biasing means when a 

third solenoid is actuated. 

* * * ♦ 
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To minimize the amount of power consumed by a hydraulic 
fluid pump , the 

hydraulic pressure in the cylinder 3c is controlled to be 
as small as possible 

while maintaining a torque necessary to keep the V-belt 4 
from slipping while 

rotating around the driving pulley 2 and the driven pulley 
3. The hydraulic 

pressure of the cylinder 2c is varied to adjust the RPM 
ratio. The amount of 

pressure in the hydraulic cylinder 2c is designed to be 
smaller than that of 

the pressure in the hydraulic cylinder 3c. However, even 
though the value of 

the hydraulic pressure supplied to the hydraulic cylinder 
2c is less than the 

value of the hydraulic pressure supplied to the hydraulic 
cylinder 3c, the 

system is designed so that a greater overall hydraulic 
pressure is realized in 

the hydraulic cylinder 2c than in the hydraulic cylinder 3c 
because of the 

presence of double pistons in the cylinder 2c. Hence, it 
is possible to obtain 

a RPM ratio between the driven pulley and driving pulley of 
more than or equal 
to one. 

The CVT is supplied with hydraulic fluid in the following 
manner. A hydraulic 

fluid pump 10, driven by a motor 11, pumps hydraulic fluid 
from a reservoir 12, 

through a filter 13 and a check valve 14, into a passage 
15. The check valve 

14 only allows hydraulic fluid to flow in a single 
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direction, from the filter 

13 and into the passage 15. A regulator valve 16 controls 
the pressure 

supplied to a passage 15, thereby generating a specific 
line pressure in the 

passage 15. The line pressure in the passage 15 is 
supplied to a cylinder 3c 

of the driven pulley 3 and to a flow control valve 19. The 
flow control valve 

19 is a three port connection valve, and includes an inlet 
port 20 communicated 

through the regulator valve 16 with the passage 15, a drain 
port 22 

communicated with a drain passage 21 and an outlet port 23 
communicated with 

the cylinder 2c of the driving pulley. When the flow 
control valve 19 is in a 

first position 24A, as shown in FIG. 1, the inlet port 20 
is communicated with 

the outlet port 23. When the flow control valve 19 is in a 
second position, 

shown by 24B, there is no communication between the three 
ports 20, 22 and 23. 

Finally, when the flow control valve 19 is in a third 
position 24C, the outlet 

port 23 communicates with the drain port 22. A check valve 
2 6 is provided on 

the drain passage 21. The valve 26 only allows hydraulic 
fluid to flow in a 

single direction, from the flow control valve 19, to the 
hydraulic fluid 
reservoir 12 . 

FIG. 2 shows a detailed construction of the regulator valve 
1 6 and the flow 

control valve 19. In this embodiment, both valves 16 and 
19 are provided in 

the same valve body 28. The regulator valve 16 has a valve 
spool 32, a puppet 

shaped valve member 36 and a relief valve 44. The valve 
spool 32 slides in a 

bore 30, thereby opening or closing a port 31, defined 
between the passage 15 

and the drain passage 21. The valve spool 32 has a 
radially extended portion 

45 and a head portion 32a. The head portion 32a has a 
small hole 42 therein. 

A chamber 4 6 is provided and defined between the radially 
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extending outer wall 

portion 45 of the spool 32 and an inner wall of the valve 
body. A compression 

coil spring 43 is located between the head portion 32a of 
the valve spool 32 

and the inner wall of the valve body. The spring 43 biases 
the valve spool 32 

in a direction which tends to close the port 31. The 
puppet shaped valve 

member 36 controls the flow of hydraulic fluid at a port 
39, which connects a 

passage 34 with a hydraulic fluid chamber 35. A plunger 38 
is fixed to the 

member 36, and slides in a bore 38a. A compression coil 
spring 4 0 is provided 

between the plunger 38 and the inner wall of the valve 
body. The spring 4 0 

biases the valve member 36 in a manner which closes the 
port 39. A first 

linear solenoid 37 is positioned around the plunger 38 in 
the valve body 2 8 and 

functionally pulls the plunger 38 against the biasing force 
of the spring 40, 

whenever the solenoid 37 is actuated. 

An orifice 33 is provided in the passage 34, which 
communicates with the 

passage 15. A relief valve 44 is also provided in the 
passage 34 and has a 

check ball 44a and a spring 44b, which biases the ball 44a 
in a direction which 

tends to close a port 44c. When the pressure in the 
chamber 4 6 exceeds a 

predetermined value, the ball 44a is displaced against the 
force of the spring 

44b. In this condition, the hydraulic fluid in the passage 

34 returns through 

the port 44c to the passage 21. 

The flow control valve 19 is provided in a position between 
the regulator valve 

16 and the cylinder 2c of the driving pulley. The flow 
control valve 19 has a 

valve spool 48, plungers 49 and 50, a second solenoid 55 
and a third solenoid 

56. The valve spool 48 controls the communication between 
the ports 20, 22 and 
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23. Plungers 49 and 50 are fixed to each end of the spool 
48, respectively. A 

compression spring 51 biases the plunger 49 in a direction 
which tends to open 

the drain port 22. Another compression spring 52 is 
provided in a position 

opposite to that of the spring 51 and biases the plunger 50 
in a direction 

which tends to close the drain port 22. Further, the 
second solenoid 55 is 

provided around the plunger 49 in the valve body 28. When 
the second solenoid 

55 is actuated, the solenoid 55 pulls the plunger 49 by 
electromagnetic force 

against the biasing force of the spring 51. The third 
solenoid 56 is provided 

around the plunger 50 in the valve body 28. When the 
solenoid 56 is actuated, 

the solenoid 56 pulls the plunger 50 by electromagnetic 

force against the 

biasing force of the spring 52. 

Once the engine is started and the system is placed in 
operation, the hydraulic 

fluid pump 10, driven by the motor 11, pumps the fluid in 
the reservoir 12 

through the filter 13 and the check valve 14 and into the 
passage 15. The 

passage 15 is communicated with the hydraulic cylinder 3c 
of the driven pulley 

and the regulator valve 16. When the electric current 
inputted to the first 

solenoid 37 increases, the solenoid 37 pulls the plunger 38 
against the force 

of the spring 40. Consequently, the pointed end of the 
valve member 36 lifts 

up, and the opening area of the port 39 increases. Because 
the chamber 35 is 

communicated through the small hole 42 with the drain 
passage 21, the volume of 

hydraulic fluid drained increases when the opening area of 
the port 39 

increases. In this condition, the hydraulic pressure in 
the chamber 4 6 

decreases. When the force biasing the valve spool 32 
toward the closing of the 

port 31 becomes less than the force biasing the valve spool 
32 in the opposite 
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direction, the valve spool 32 is displaced away from the 
port 31, thereby 

opening it up. Hence, the line pressure of the passage 15 
decreases . 

FIG. 3 illustrates the relationship between the line 
pressure and the electric 

current fed into the first solenoid 37. If the electric 
current fed into the 

first solenoid 37 approaches zero, as in the case of 
electrical disconnection 

of the solenoid, the spring 40 biases the plunger 38 so 
that it moves in a 

direction which tends to close the port 39. In this 
circumstance, the pressure 

of the hydraulic fluid in the chamber 4 6 has the largest 
value, thereby 

resulting in the line pressure in the passage 15 to be the 
largest value. The 

line pressure controlled by the valve 16 is supplied to the 
cylinder 3c of the 
driven pulley. 

When an electric current actuates the second and third 
solenoids 55 and 56, the 

valve spool 48 of the flow control valve 19 assumes a 
neutral position 

equivalent to the position shown in FIG. 2 (i.e., the 
second position 24B in 

FIG. 1). In this condition, there is no flow communication 
between the ports 

20, 22 and 23. When only the second solenoid 55 is 
actuated by an electric 

current, the solenoid 55 electromagnetically pulls the 
plunger 49 against the 

biasing force of the spring 51. Hence, the opening defined 
between the inlet 

port 20 and the outlet port 23 also increases in accordance 
with the increase 

of the actuating current. Consequently, the volume of the 
hydraulic fluid 

supplied to the cylinder 2c of the driving pulley 
increases. The increase in 

supply of hydraulic fluid to the cylinder 2c results in an 
increase in the RPM 

ratio. Contrary to this, when the third solenoid 56 is 
actuated by an electric 

current, the solenoid 56 electromagnetically pulls the 
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plunger 50 against the 

biasing force of the spring 52. In this condition, the 
opening defined between 

the drain port 22 and the outlet port 23 increases, 
resulting in the increase 

in the amount of fluid drained from the cylinder 2c of the 
driving pulley. 

Consequently, the RPM ratio decreases. 

a hydraulic fluid reservoir containing hydraulic fluid; 

a hydraulic fluid pump for pumping the hydraulic fluid from 
the reservoir ; 

a second oil passage communicating with said reservoir and 
having a port 

communicating with said first oil passage; 

a hydraulic fluid pump for piomping the hydraulic fluid from 
the reservoir; 

a second oil passage communicating with said hydraulic 
fluid reservoir and 

having a port communicating with said first oil passage; 

a regulator valve means located between the first and 
second passages for 

controlling the pressure of the hydraulic fluid pumped by 
the hydraulic pump to 

the second hydraulic cylinder, said regulator valve means 
having a third oil 

passage, a first oil chamber, a second oil chamber, a first 
valve member and a 
second valve member; 
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